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Abstract 
On the basis of the assumptions it can be concluded that customers in the selected area procure the nearest center. Each client 
within the Voronoi diagram cell is closest to the designated center than the other one. Polygons created by dividing differ from 
Polish administrative division. The Regions resulting from the Voronoi cell division of polish are convex polygons. 
Application of Delaunay triangulation divides a network into triangles with as little corners. The result of this procedure is to obtain 
a minimum distance between centroids. This reduces the transport time and minimizes the costs of delivery. In the work the aspects 
of client subjective assessment in making decisions about the choice of the distribution center has been omitted i.e. the price of the 
product, the quality of the offer or the actual transport. 
© 2016 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the organizing committee of WMCAUS 2016. 
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1. Introduction and background 
When designing the logistics network in a specific region, you should consider many factors: economic, financial 
and technical-organizational, which often contradict each other. The achievement of profitable financial results is 
determined through the technical specifications related to the definition of entities in the logistics network. The 
relationship between the entities must be efficient. Therefore, it is necessary to look for new solutions to meet changing 
economic conditions. Elementary grid and graphic techniques can be used, in certain situations, to determine where 
specific facilities should be located [Magee et al., 1985]. The difficulty in locating this entity is the need for adapting 
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the theoretical results to the economic practice. Facility location is an important subject with numerous practical 
applications, thus a happy medium must be found between theory and practice. The basic question may be to decide 
how to choose from the known feasible locations, or coordinates for a location, in which a "facility (facilities)" will 
be placed, and how to assign the "customers" to this facilities [Sule, 2001].  
Therefore determination of the theoretical value, must be strengthen by practical aspects. The choice of location is 
determined by the following economic criteria: 
x volume of the logistics market, 
x the attractiveness of the investment project for investors, 
x prices and availability of land, 
x availability of transport infrastructure and communication, 
x labour availability and educational level of workers, 
x purchasing Power [Fechner, 2004]. 
In addition, you should still take into account the expectations of the recipients of the products. Therefore, the 
following appropriate assumptions must be considered: 
x the price of a particular good or service is the same at every site, 
x the cost of acquiring the good or service is equal to the price plus the cost or transportation to the site, 
x the cost of transportation to a site equals the Euclidean distance to the site times a fixed price unit distance, 
x consumers try to minimize the cost acquiring the good or service [Berg et al., 2000]. 
In light of the above considerations, this proposal will be submitted to the design of the logistics network on the 
basis of the method which is still not used in the field of logistics management.  
The cargo turnover growth in the economy forces entities to organize supply chains in a manner that ensure product 
availability in the selected region. The location of cells in the network guarantees product availability in a particular 
market. An important issue from the point of view of spatial distribution is the location of distribution centres in order 
to ensure an efficient flow of goods. The use of such methods is justified solves the issue. This article shows how to 
design the logistics network of Poland, taking into account administrative division. Highlighted specifically were the 
issues of determining the center of population gravity of some parts of the country and areas with the largest proximity 
in relation to it. In the first place the centres should be determined on the basis of individual voivodships of Poland, 
using the method of center of population gravity. You must then specify the area, which relies on data center 
distribution using the Voronoi diagram. In turn, on the basis of the dual graph of Voronoi diagrams, it is necessary to 
create a supply network of Poland. Methods fit properly into the perspective of the functioning of supply chains. The 
main result of the methods used in the article is the division of Polish territory into zones with clearly delineated center 
and make connections between them, about the structure of the triangle, characteristic for network logistics. The 
proposed approach may find application in various fields of knowledge, at micro and macro scales. In the case of 
logistics networks subject to the application of this approach in the micro scale projection is in fact the route between 
centroids designated theoretically. 
2. Methodology 
For the design of the logistics network, the entire territory of Poland has been used. In each region were defined 
coordinates of the districts and towns on the rights of the districts, which represent a possible point of receipt of goods. 
It also defines the level of the population of each of them. In total, the database includes 380 districts and covers the 
entire territory of the country. The proposed method is able to serve all residents through the placement of sale points 
in each region, representing the distribution centers. In each of 16 voivodships, depending on the population of certain 
districts and cities with the rights of the districts, designated the center as the point of greatest availability of the cargo. 
When regions are in consideration, an important aspect is the way of measuring the distance between a demand region 
and a facility [Kara et al., 2015]. For this purpose, the method of center of population gravity was used. The data 
required for this are shown in the matrix (1). 
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where: x, y - coordinates of towns and districts in the rights of the districts, k - level of the population. 
For the adopted parameters, the center of gravity, which is also centroid can be defined by using formulas: 
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     After determining the centroid using the Voronoi diagram the designated areas, are characterized by the highest 
proximity. The area within the network have a shape of a polygon, forming the convex border. In each region, a point 
which is located in the most convenient distance from all other aggregates of the population of districts and cities with 
the rights of districts was set. In total, the territory of Poland was covered with 16 cells. On the basis of these results 
the territorial areas have been made with coordinates (x, y), closer to cells than other points in the field. If you mark 
the first link in the form as pi, and the second one as pj, then stretch ݌ప݌ఫതതതതത after division into equal halves, forms a plane 
R2, which can be described as H(pi pj). Place points closer to pi than any other point, which is denoted by V(i), is an 
intersection of N-1 semiplanes, it is a cell in the form of a convex polygon having not more than N-1 sides, we have 
[Hjelle & Dæhlen, 2006]: 
ܸሺ݅ሻ ൌ ځܪ൫݌௜ǡ ݌௝൯      (3) 
A separate plane is limited to the Voronoi edges, identified as the border between two centres of pi i pj (Fig. 1). 
The distance to the center of pi from the edge ݌ప݌ఫതതതതത is the distance of the edge ݌ప݌ఫതതതതത from pj centre. 
 
Fig. 1. Determination of Voronoi edges. Based on [Preparata & Shamos, 2003]. 
     On this basis, the territory of Poland can be divided into 16 planes, forming a network of convex polygons. 
     The last step will be the creation of dual graph for Voronoi diagram using the Delaunay direction, with the aim of 
establishing connections between points of the network, as the short distances. 
Connection between vertices corresponding to the centres of each of the regions form a graph. The edge ݌ప݌ఫതതതതത in the 
Delaunay graph exists only when you can draw a closed circle, where pi i pj are located on its shore, and no other 
centre is included in it. In fig. 2 a) shows the misconceptions of the triangulation, because after the description of the 
wheel in the triangle pipjpk, inside it there is a point pl. Among the combinations of four points the correct way of 
creating a triangle is the example shown in Fig. 2 b). It shows that the circle contains a single point. 
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Fig. 2. The construction of the Delaunay triangulation a) wrong, b) correct. 
Inscribing the circle between the three centroids, in the case where inside there is no other centroid gives a 
possibility of creating a triangle along the shortest distance. This method enables to create a network of shortest 
distances between the centroids and thereby reduce transportation costs. 
3. Results and discussions 
On the territory of Poland the centroid was assigned in each province by the formula (2). This approach is justified 
for reasons of geographical and economic. Its calculation takes into account the number of inhabitants in each district 
and the city on the rights of the districts each of the provinces. By using the properties of Voronoi diagrams defined 
areas in which each point on this area is the nearest centroid than to any other centroid (Fig. 3). 
 
Fig. 3. The Voronoi diagram on the territory of Poland. 
Thus, the areas of influence of the distribution center were identified. Potential customers located at the location 
specified by the Voronoi diagram will be supplied at the selected point belonging to the region. 
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Using Delaunay triangulation, the division of the space was made, indicated by the centroids in the plane R2 that 
separates the convex hull of a set of points into triangles such that no point is inside circumcircle of a triangle (Fig. 4). 
Delaunay triangulation is also referred to as dual graph for Voronoi diagram. 
 
 
Fig. 4. Dual graph of Voronoi diagrams. 
This division into triangles optimizes the minimum angle among all the triangles comprising the triangulation. You 
can avoid triangles with small angles, and thus to obtain the smallest path between the centroids. Thus, you can create 
a network that includes connections on short distances. 
4. Conclusions 
On the basis of adopted assumptions, we can conclude that customers in the selected region, as a rule, buy in the 
near center. Every client in the cell of the Voronoi diagram are assigned closer to the centre than for the others. Created 
polygons are different from the administrative division of Poland. The areas resulting from the partitioning of Poland 
on the Voronoi cells are convex polygons. 
The use of Delaunay triangulation is the division of the network into triangles with the smallest angles. The result 
of this behaviour is to obtain the minimum distance between the centroids. This reduces transit times and minimizes 
shipping time. In the work were taken into account aspects related to the subjective evaluation of the client in the 
adoption of the decision on the selection of distribution center, i.e. price or quality of the product or the actual 
transportation time. 
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